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CAPTURE ONE OR MORE IMAGES
200

RECEIVE THE CAPTURED IMAGE(S)
204

ANALYZE THE CAPTURE IMAGE(S) TO
MEASURE AN AMOUNT OF TISSUE
COVERED BY BOLUS IN THE ONE OR
MORE IMAGES
206

PRESENT INFORMATION INDICATING
THE MEASURE OF THE AMOUNT OF
TISSUE COVERED BY BOLUS
208

FIG. 2
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SYSTEMS AND METHODS FOR OBSERVING
AND ANALYZING SWALLOWING

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application 62/337,922, titled SYSTEMS AND METHODS

FOR OBSERVING AND ANALYZING SWALLOWING,
and filed May 18, 2016, the content of which 1s incorporated
herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present subject matter relates to medical imaging and
analysis. More specifically, the present subject matter relates
to systems and methods for observing and analyzing swal-
lowing.

BACKGROUND

Dysphagia 1s a disorder 1n which the sufferer has difliculty
swallowing. This means that 1t requires the individual more
time and effort to move food or liquid from the mouth to the
stomach. Dysphagia may be associated with pain, and 1n
some cases swallowing may be impossible necessitating
feeding tubes and/or intravenous hydration and nutrition.
There are three phases of swallowing: oral, pharyngeal, and
esophageal. A problem may arise during any one of the
phases. Problems during the pharyngeal phase include hav-
ing a hard time starting a swallow; getting food or liquid into
the airway (aspiration); and having some food or liquid stay
in the throat after swallowing, referred to as residue.

Medical practitioners, such as speech-language patholo-
g1sts, can work with individuals having swallowing prob-
lems. They can observe an individual’s swallowing attempts
by the use of an endoscope for viewing an interior of the
individual’s throat. The endoscope may be configured with
a camera for capture of images and video of the interior of
the throat to thereby allow the medical practitioner to view
the throat interior on a display. Although current endoscopes
with cameras are very uselful for observing swallowing,
there 1s a desire for improved endoscopy systems for assist-
ing a medical practitioner with analysis of an individual’s
swallowing attempts.

SUMMARY

Disclosed herein are systems and methods for observing
and analyzing swallowing. According an aspect, a system
includes an 1intubating scope and image capture device
configured to capture one or more 1mages of an interior of
a subject’s throat during swallowing of bolus (e.g., food
and/or liquid). The system also includes a computing device
configured to receive the captured one or more 1images. The
computing device 1s also configured to analyze the 1mage(s)
to measure an amount of tissue covered by bolus in the one
or more 1mages. Further, the computing device 1s configured
to present information indicating the measure of the amount
of tissue covered by bolus.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee.
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The 1illustrated embodiments of the disclosed subject
matter will be best understood by reference to the drawings,
wherein like parts are designated by like numerals through-
out. The following description 1s intended only by way of
example, and simply illustrates certain selected embodi-
ments ol devices, systems, and processes that are consistent
with the disclosed subject matter as claimed herein.

FIG. 1 1s a schematic diagram of an example system for
use by a medical practitioner to observe and analyze swal-
lowing of an 1individual 1n accordance with embodiments of
the present disclosure;

FIG. 2 1s a flow chart of an example method use to
observe and analyze swallowing of an individual 1n accor-
dance with embodiments of the present disclosure;

FIG. 3A-3B 1s a schematic diagram showing an example
method and system for use by a medical practitioner to
observe and analyze swallowing of an individual 1n accor-
dance with embodiments of the present disclosure;

FIG. 4 1s a schematic diagram showing example user
interface for display on a computing device for use by a
medical practitioner to observe and analyze swallowing of
an mdividual 1n accordance with embodiments of the present
disclosure:

FIG. 5 1s an example user interface for display on a
computing device for use by a medical practitioner to
observe and analyze swallowing of an individual 1n accor-
dance with embodiments of the present disclosure; and

FIG. 6 1s an example graphic illustration demonstrating a

ratio of blue, green, and red pixels 1 a given frame in
accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

The following detailed description 1s made with reference
to the figures. Exemplary embodiments are described to
illustrate the disclosure, not to limit 1ts scope, which 1is
defined by the claims. Those of ordinary skill 1n the art will
recognize a number of equivalent variations in the descrip-
tion that follows.

The functional units described 1n this specification have
been labeled as computing devices. A computing device may
be implemented 1n programmable hardware devices such as
processors, digital signal processors, central processing
units, field programmable gate arrays, programmable array
logic, programmable logic devices, cloud processing sys-
tems, or the like. The computing devices may also be
implemented 1n software for execution by various types of
processors. An i1dentified device may include executable
code and may, for instance, comprise one or more physical
or logical blocks of computer instructions, which may, for
instance, be organized as an object, procedure, function, or
other construct. Nevertheless, the executable of an 1dentified
device need not be physically located together, but may
comprise disparate instructions stored in different locations
which, when joined logically together, comprise the com-
puting device and achieve the stated purpose of the com-
puting device.

An executable code of a computing device may be a
single instruction, or many instructions, and may even be
distributed over several diflerent code segments, among
different applications, and across several memory devices.
Similarly, operational data may be 1dentified and illustrated
herein within the computing device, and may be embodied
in any suitable form and organized within any suitable type
of data structure. The operational data may be collected as
a single data set, or may be distributed over different
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locations including over different storage devices, and may
exist, at least partially, as electronic signals on a system or
network.

The described features, structures, or characteristics may
be combined 1n any suitable manner 1n one or more embodi-
ments. In the following description, numerous specific
details are provided, to provide a thorough understanding of
embodiments of the disclosed subject matter. One skilled 1n
the relevant art will recognize, however, that the disclosed
subject matter can be practiced without one or more of the
specific details, or with other methods, components, mate-
rials, etc. In other instances, well-known structures, mate-
rials, or operations are not shown or described 1n detail to
avoid obscuring aspects of the disclosed subject matter.

As referred to herein, the term “user interface™ 1s gener-
ally a system by which users interact with a computing
device. A user interface can include an mput for allowing
users to manipulate a computing device, and can include an
output for allowing the computing device to present infor-
mation and/or data, indicate the eflfects of the user’s manipu-
lation, etc. An example of a user interface on a computing
device mcludes a graphical user iterface (GUI) that allows
users to interact with programs or applications in more ways
than typing. A GUI typically can offer display objects, and
visual indicators, as opposed to text-based interfaces, typed
command labels or text navigation to represent information
and actions available to a user. For example, a user interface
can be a display window or display object, which 1s select-
able by a user of a computing device for interaction. In
another example, the user can use any other suitable user
interface of a computing device, such as a keypad, to select
the display 1con or display object. For example, the user can
use a track ball or arrow keys for moving a cursor to
highlight and select the display object.

As used herein, the term “memory” 1s generally a storage
device of a computing device. Examples include, but are not
limited to, ROM and RAM.

The device or system for performing one or more opera-
tions on a memory of a computing device may be a software,
hardware, firmware, or combination of these. The device or
the system 1s further intended to include or otherwise cover
all software or computer programs capable of performing
the wvarious heretofore-disclosed determinations, calcula-
tions, or the like for the disclosed purposes. For example,
exemplary embodiments are intended to cover all software
or computer programs capable of enabling processors to
implement the disclosed processes. Exemplary embodi-
ments are also intended to cover any and all currently
known, related art or later developed non-transitory record-
ing or storage mediums (such as a CD-ROM, DVD-ROM,
hard drive, RAM, ROM, tloppy disc, magnetic tape cassette,
etc.) that record or store such software or computer pro-
grams. Exemplary embodiments are further intended to
cover such software, computer programs, systems and/or
processes provided through any other currently known,
related art, or later developed medium (such as transitory
mediums, carrier waves, etc.), usable for implementing the
exemplary operations disclosed below.

In accordance with the exemplary embodiments, the dis-
closed computer programs can be executed in many exems-
plary ways, such as an application that i1s resident in the
memory of a device or as a hosted application that 1s being,
executed on a server and communicating with the device
application or browser via a number of standard protocols,
such as TCP/IP, HTTP, XML, SOAP, REST, JSON and other
suflicient protocols. The disclosed computer programs can
be written 1 exemplary programming languages that
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execute from memory on the device or from a hosted server,
such as BASIC, COBOL, C, C++, Java, Pascal, or scripting
languages such as JavaScript, Python, Ruby, PHP, Perl, or
other suitable programming languages.

As referred to herein, the term “computing device” should
be broadly construed. It can include any type of computing
device, for example, a smart phone, a cell phone, a pager, a
personal digital assistant (PDA, e.g., with GPRS NIC), a
mobile computer with a smartphone client, or the like. A
computing device can also include any type of conventional
computer, for example, a desktop computer or a laptop
computer. A typical mobile device 1s a wireless data access-
enabled device (e.g., an IPHONE® smartphone, a BLACK-
BERRY® smart phone, a NEXUS ONE™ smart phone, an
1IPAD™ device, or the like) that 1s capable of sending and
receiving data 1n a wireless manner using communications
protocols such as the Internet Protocol (IP), BLU-
ETOOTH®, WI-FI®, and the wireless application protocol
(WAP). This allows users to access information via wireless
devices, such as smart phones, mobile phones, pagers,
two-way radios, communicators, and the like. Wireless data

access 1s supported by many wireless networks, including,

but not limited to, CDPD, CDMA, GSM, PDC, PHS,
TDMA, FLEX, ReFLEX, 1DEN, TETRA, DECT, DataTAC,
Mobitex, EDGE and other 2G, 3G, 4G and LTE technolo-
gies, and 1t operates with many handheld device operating
systems, such as PalmOS, EPOC, Windows CE, FLEXOS,
0OS/9, JavaOS, 10S and Android. Typically, these devices
use graphical displays and can access the Internet (or other
communications network) on so-called mini- or micro-
browsers, which are web browsers with small file sizes that
can accommodate the reduced memory constraints of wire-
less networks. In a representative embodiment, the mobile
device 1s a cellular telephone or smart phone that operates
over GPRS (General Packet Radio Services), which 1s a data
technology for GSM networks. In addition to a conventional
volce communication, a given mobile device can commu-
nicate with another such device via many different types of
message transier techniques, including SMS (short message
service), enhanced SMS (EMS), multi-media message
(MMS), email WAP, paging, or other known or later-devel-
oped wireless data formats. Although many of the examples
provided herein are implemented on a mobile device, the
examples may similarly be implemented on any suitable
computing device.

Operating environments in which embodiments of the
presently disclosed subject matter may be implemented are
also well-known. In a representative embodiment, a com-
puting device, such as a mobile device, 1s connectable (for
example, via WAP) to a transmission functionality that
varies depending on implementation. Thus, for example,
where the operating environment 1s a wide area wireless
network (e.g., a 2.5G network, a 3G network, or a 4G
network), the transmission functionality comprises one or
more components such as a mobile switching center (MSC)
(an enhanced ISDN switch that 1s responsible for call
handling of mobile subscribers), a visitor location register
(VLR) (an intelligent database that stores on a temporary
basis data required to handle calls set up or recerved by
mobile devices registered with the VLLR), a home location
register (HLR) (an intelligent database responsible for man-
agement of each subscriber’s records), one or more base
stations (which provide radio coverage with a cell), a base
station controller (BSC) (a switch that acts as a local
concentrator of traflic and provides local switching to effect
handover between base stations), and a packet control unit

(PCU) (a device that separates data traflic coming from a
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mobile device). The HLR also controls certain services
associated with incoming calls. Of course, the presently
disclosed subject matter may be implemented 1n other and
next-generation mobile networks and devices as well. The
mobile device 1s the physical equipment used by the end
user, typically a subscriber to the wireless network. Typi-
cally, a mobile device 1s a 2.5G-compliant device or
3G-compliant device (or the proposed 4G-compliant device)
that includes a subscriber 1dentity module (SIM), which 1s a
smart card that carries subscriber-specific information,
mobile equipment (e.g., radio and associated signal process-
ing devices), a user interface (or a man-machine interface
(MMI), and one or more interfaces to external devices (e.g.,
computers, PDAs, and the like). The mobile device may also
include a memory or data store.

The present disclosure 1s now described 1n more detail.
For example, FIG. 1 illustrates a schematic diagram of an
example system for use by a medical practitioner to observe
and analyze swallowing of an 1individual 1n accordance with
embodiments of the present disclosure. Referring to FIG. 1,
the system includes an 1image capture device 100, an 1ntu-
bating scope 102, and a computing device 104 operably
connected to a user interface 106. The system may be used
by a medical practitioner, such as a speech-language
pathologist, to intubate an individual’s 108 throat 110 for
capture of 1images or video by the image capture device 100.
The image capture device 100 may be operably connected to
the computing device 104 for receipt of the captured
image(s) or video by the computing device 104. The com-
puting device 104 may suitably store the captured image(s)
or video 1n its memory 112. Alternatively, the captured
image(s) or video may be stored at a remote location, such
as, but not limited to, at a server farm. As depicted in the
figure, an end 114 of the scope 102 may be suitably
positioned by the medical practitioner near the vocal folds of
the 1individual 108 for capture of 1mages or video of this
portion of the throat’s interior. The computing device 104
may suitably control the image capture device 100 to capture
images or video during all or some of the phases of swal-
lowing. For example, images or video may be captured
during the pharyngeal phase.

The 1mage capture device 100 may include any suitable
camera operably connected to the intubating scope 102 for
capture ol 1mages or video. In this example, the camera 1s
positioned at an end of the scope 102 distal from the end 114.
Fiber optics may be used to carry light from the throat’s
interior to the camera, and to deliver light from a light source
to the throat’s interior for illuminating the interior. In
another example, the camera may be suitably aflixed to the
end 114 of the scope 102. The configuration of the image
capture device 100 and scope 102 for capturing images
and/or video of the throat’s interior will be understood to
those of skill in the art.

The computing device 104 i1s configured to receive the
captured one or more images, analyze the one or more
images to measure an amount of tissue covered by bolus 1n
the one or more 1mages, and present information indicating,
the measure of the amount of tissue covered by bolus. The
computing device 104 may include suitable hardware, sofit-
ware, firmware, or combinations thereof for implementing
the functionality described herein. For example, the com-
puting device 104 may 1nclude one or more processors 116
and the memory 112. The memory 112 may store executable
instructions for implementation by the processor(s) 116 for
implementing the functionality described herein.

The user interface 106 may include one or more devices
or components for recerving user input and for presenting
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information, graphics, and the like in accordance with
embodiments of the present disclosure. For example, the
user interface 106 may include a keyboard, a mouse, a
display, a printer, and the like. These components may be
operably connected to the computing device 104 as will be
understood by those of skill 1n the art.

Now turning to FIG. 2, this figure 1llustrates a flow chart
of an example method used to observe and analyze swal-
lowing of an 1individual 1n accordance with embodiments of
the present disclosure. This example method 1s described in
this example as being implemented by the system shown in

FIG. 1, although 1t should be understood that the method

example may alternatively implemented by any other suit-
able system.

The method of FIG. 2 includes capturing 200 one or more
images. For example, the camera 100 and the scope 102 may
be operated to capture images and/or video of the interior of
the throat 110 shown in FIG. 1. The images and video may

be captured during the pharyngeal phase of swallowing of
bolus by the individual 108. It will be understood by skilled

medical practitioners that the bolus may include foodstull
and/or liquid prepared for observing the individual’s swal-
lowing. Prior to being given to the individual 108 for
swallowing, the bolus may be covered at least partially with
blue or green food coloring such that the bolus may be easily
identified 1n captured 1images or video based on the coloring.
Techniques for coloring foodstuils and liquid for 1dentifica-
tion should be understood by those of skill 1n the art.

The method of FIG. 2 includes receiving 202 the captured
image(s). Continuing the aforementioned example, the com-
puting device 104 may receive the captured images or video.
In this example, the computing device 104 1s suitably
connected to a camera for received of the captured 1images
or video.

The method of FIG. 2 includes analyzing the captured
image(s) to measure an amount of tissue covered by bolus 1n
the one or more images. Continuing the atorementioned
example, the computing device may analyze the captured
images or video to measure an amount of tissue covered by
bolus viewable 1n the images or video. As an example, the
computing device may determine a color category of each
pixel 1 each of the captured images (or frames of video);
determine, for each color category, the number of pixels
having a color within the color category; and present infor-
mation indicating a ratio of the color categories to each
other. The color categories may include blue, green, and red.
In accordance with embodiments, the computing device may
determine the number of pixels 1n the blue and green color
categories; determine the number of pixels in the red color
category; and present information indicating a ratio of the
numbers of pixels in the blue and green color categories to
the number of pixels 1n the red color category.

The method of FIG. 2 includes presenting information
indicating the measure of the amount of tissue covered by
bolus. Continuing the aforementioned example, the comput-
ing device 104 may control a display of the user interface
106 to display the captured images or video. Further, the
computing device may control the display to display infor-
mation indicating the measure of the amount of tissue
covered by bolus.

In accordance with embodiments, the computing device
104 may be configured to, for each image: determine the
number of pixels in the blue and green color categories; and
present information indicating a percentage of pixels in the
blue and green color categories. In other embodiments, the
computing device 104 may be configured to, for each image:
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determine the number of pixels in the red color category; and
present information indicating a percentage of pixels in the
red color category.

FIGS. 3A and 3B 1illustrate a schematic diagram showing,
an example method and system for use by a medical
practitioner to observe and analyze swallowing of an 1ndi-
vidual in accordance with embodiments of the present
disclosure. Referring to FIGS. 3A and 3B, the diagram
includes a tlow chart describing additional details of the
example method of FIG. 2. The method may be imple-
mented 1s associated with the system 300 of FIG. 3A. FIG.
3 A depicts a system 300 including a fiber scope operatively
connected to a chuip camera or chip tip videoscope. The
camera or video scope may be transnasally mserted i order
to assess pharyngeal phase swallow function while the
subject 1s given food and/or liquid boluses that are colored
either blue or green. It should be noted that system 300 may
be the system shown 1n FIG. 1 or any other suitable system
for implementing the functionality depicted in FIGS. 3A-3B.
Example graphical overlays and screen displays are 1llus-
trated i FIG. 4.

In accordance with embodiments, the method of FIGS.
3A and 3B may include receiving 302 an inbound video
signal at a computing device for processing the imbound
video signal. For example, the computing device 104 of FIG.
1 may receive an inbound video signal from the camera of
system 300 of FIG. 3A for processing the inbound video
signal. Although not depicted in FIG. 3A, 1t should be
understood that computing device 104 may be a part of
system 300 or operatively coupled to system 300. The
computing device 104 may also be any other suitable
computing device for implementing functionality described
herein. Also 1n accordance with embodiments, the method
may include processing 304 a video signal from the camera
by the computing device to generate an 1mage for display.
For example, the computing device 104 of FIG. 1 may
process a video signal from the camera of system 300 to
generate an 1mage or video for display. The video signal 1s
received by the computing device for processing so that the
video 1mage can be displayved onscreen to the user of the
computing device so that the 1mage can be analyzed to
display the amount of tissue that 1s covered by residual
bolus. Also 1n accordance with embodiments, the method
may include determining the color to be displayed at each
pixel of the image on the display.

The method of includes calculating 306 the number of
cach color for each pixel of each frame to be drawn. For
example, the computing device 104 of FIG. 1 may calculate
the number of each color for each pixel of each frame to be
drawn. In accordance with embodiments, the method may
include itemizing, frame by frame of the video signal, all or
many of the colors that have been sent to the computing
device using color codes that are associated with each color
that a display 1s capable of displaying. Also in accordance
with embodiments, the method may include categorizing
and counting the instances of each color according to the
native color profile that 1s transmitted by the video source
and 1ts associated code. For example, the native color profile
may comprise an RGB ratio for an instance of a color.
Continuing this example, for 63 pixels of a current frame, a
color with an RGB ratio of R:81, G:142, and B:22 may occur
in the current frame of a video signal. The method may also
include repeating the step of categorizing and counting for
cach color that 1s received at the computing device from the
video source for each frame of the video signal.

FIG. 3A also illustrates determining 308 a total of pixels
for each category of pixels, the category of pixels compris-
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ing one ol a black/grey category, a white through red
category, and a blue through green category. For example,
the computing device 104 of FIG. 1 may determine total of
pixels for each category of pixels, the category of pixels
comprising one of a black/grey category, a white through red
category, and a blue through green category. For example,
alter having analyzed each pixel for a frame of video that 1s
to be displayed, the computing device 104 may calculate the
number of occurrences for each color. The computing device
104 may sum the total number of occurrences for each color
that fit within the following color ranges: white, shades of
black, shades of red, and the sum of shades of blue and
shades of green.

The method may include calculating 310 a ratio of a
number of colors per frame, the colors comprising shades of
red to shades of blue and shades of green as illustrated in
FIG. 3A. For example, the computing device 104 may
calculate a ratio of a number of colors per frame, the colors
comprising shades of red to shades of blue and shades of
green. In accordance with embodiments, the ratio may
comprise a total number of shades of blues plus shades of
greens to shades of reds 1n a given frame. For example, the
ratio may be computed using the following formula: Sum
(blues+greens)+Sum (reds)=% blue-green 1n a given frame.
In accordance with embodiments, the method may include
displaying the resultant percentage to the user in both a
graphical and numerical form to give the user a measure of
the amount of bolus residual coating that are 1n a given
frame.

Now turning to FIG. 3B, the method includes generating
312 a graphic representation of the ratio of blue to green
shades and red shades. The graphic representation may
include a numerical percentage for display 1n a latest frame.
For example, computing device 104 of FIG. 1 may generate
a graphic representation 314 of FIG. 3B of the ratio of blue
to green shades and red shades, the graphic representation
314 including a numerical percentage 316 for display 1n a
latest frame. It should be noted that the graphic representa-
tion 314 1s illustrative only and the graphic representation of
the present disclosure described herein 1s not limited to
example provided 1n FIG. 3B.

The method may also include adding a vertical bar to the
graphic representation as each frame 1s analyzed. For
example, graphic representation 314 includes an added
vertical bar at a current frame 318 as each frame 1s analyzed.
In accordance with embodiments, each bar of the graphic
representation represents one frame of the analyzed video
signal. For example, each bar 320 of the graphical repre-
sentation represents one frame of the analyzed video signal.

To the user, this can create the eflect of vertical bars of the
graphical representation marching left to right across the
bottom of the user’s screen as each frame 1s analyzed. In
accordance with embodiments, a time period of frames 1s to
be displayed at all times and overlaid into the video image.
For example, graphic presentation 314 of FIG. 3B comprises
a time period 324 of frames to be displayed at all times. In
this example, time period 324 represents approximately two
seconds worth of video signal. Typical video frame rates are
about 30 1ps. Therefore, the horizontal access of the graphi-
cal representation may accommodate up to 60 instances of
vertical bars to represent blue-green ratios at a typical frame
rate of 30 ips. However, 1t should be noted that the time
period of frames to be displayed in the present disclosure
may be based on the frame rate of the incoming video signal.

In accordance with embodiments, the graphical represen-
tation may comprise a vertical axis representing a range of
values of the blue-green ratios. For example, FIG. 3B
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illustrates graphical representation 314 comprises a vertical
axis 322 representing a range of the blue-green ratios.
Vertical axis 322 represents a range of 0% to 100% ratio
values of blue-green ratios. Also 1n accordance with embodi-
ments, the graphical representation may show a time period
of upcoming frames of the analyzed video signal. For
example, FIG. 3B illustrates graphical representation 314
comprises a time period 326 of upcoming frames of upcom-
ing frames. In this example, time period 326 also represents
approximately two seconds worth of video signal. However,
it 1s noted that the time period of upcoming frames to be
displayed 1n the present disclosure may be based on the
frame rate of the incoming video signal.

It should also be noted that the graphic representation of
the blue-green ratio may be displayed as a “‘gas gauge” or
“wave” form with fluctuations plotted on a frame by frame
basis similarly as described in the bar graph implementation
above.

With continuing reference to FIG. 3B, the method
includes overlaying 328 the graphic representation on the
image by matching an overlay time to a current video frame
tor display. For example, the computing device 104 of FIG.
1 may overlay the graphic representation 314 on the image
by matching an overlay time to a current video frame for
display. For example, FIG. 4 illustrates a graphical repre-
sentation overlaid on an 1mage 400 of a current video frame
of the video signal. In accordance with embodiments, the
method may 1include positioning the graphical representation
below or above the central video 1mage that 1s generated by
the camera. For example, FIG. 4 illustrates the graphical
representation 1s positioned below the central video 1image.
The user can elect to have the graphical representation
below or above the central video image by choosing a setting,
in preference pane of the application.

FIG. 3B further illustrates the method may include pre-
senting 330 the overlay of the graphic representation based
on the video signal on a display screen of the computing
device. For example, FIG. 4 1llustrates presenting the over-
lay of the graphic representation based on the video signal
on a display screen of computing device 402. Although FIG.
4 1llustrates computing device 402 as a laptop computing
device, 1t should be noted that the present disclosure 1s not
limited to such an example, but 1s only provided for 1llus-
trative purposes.

FIG. 5 1llustrates example user interface for display on a
computing device for use by a medical practitioner to
observe and analyze swallowing of an individual 1n accor-
dance with embodiments of the present disclosure. An
example benefit 1s that the medical practitioner i1s provided
relevant clinical information on which to make diagnostic
decisions and treatment planning. Additionally, the informa-
tion can be used to determine eflicacy of ongoing treatment.
As shown in FIG. §, a user interface of the computing device
may include displaying a current video frame during image
capture. In another example, the user interface of the com-
puting device may include displaying a current video frame
during playback of a previously recorded video signal. For
example, FIG. 5 illustrates a playback control panel under-
neath the displayed current video frame of the user interface.
Although the example provided in FIG. 5 illustrates the
playback control of the video signal underneath the current
video frame 1n the user frame, i1t should be understood that
the control panel may be located 1n a different area of the
user intertace to control playback of the previously recorded
video signal.

FIG. 5 also illustrates the user interface may include a
graphical representation of a ratio of blue to green shades
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and red shades 1n the current video frame. For example, FIG.
5 1llustrates a graphical representation of the ratio at the
bottom of the user interface. In this example, the graphical
representation of FIG. 5 includes a spike style graph of the
percentage of residual bolus over time 1n the real-time of
captured video signal. Although the example provided 1n
FIG. § illustrates the graphical representation including a
spike style graph, it should be understood that the graphical
representation may be similar as to the example provided in
FIG. 4.

In accordance with embodiments, the user interface may
also include a pictorial representation of the pixel color
distribution within the current video frame. In accordance
with embodiments, the pictorial representation may include
a heat map of the blue, green, and red pixels within the
current video frame. For example, FIG. 3 illustrates in the
top right corner of the user interface a pictorial representa-
tion of the pixel color distribution within the current video
frame displayed in FIG. 5. In this example, the pictorial
representation comprises a heat map of the blue, green, and
red pixels within the current video frame displayed 1n this
user interface of FIG. 5. An example benefit of the heat map
1s that the medical practitioner 1s provided relevant clinical
information on which to make diagnostic decisions and
treatment planning. Additionally, the information can be
used to determine eflicacy of ongoing treatment.

In accordance with embodiments, the user interface may
also include a numerical percentage representation of the
residual bolus for the current video frame. For example,
FIG. § 1llustrates the user interface may include a numerical
percentage representation of the residual bolus beneath the
pictorial graphical representation of the residual bolus.
Although the example provided in FIG. 5 illustrates the
numerical percentage representation beneath the pictorial
representation, it should be understood that the numerical
percentage representation may be located 1n an alternative
location 1n the user interface.

FIG. 6 1llustrates a graphic illustration of an example pie
chart showing a ratio of blue, green, and red pixels 1n a given
frame 1n accordance with embodiments of the present dis-
closure. An example benefit of showing the pie chart 1s that
the medical practitioner 1s provided relevant clinical infor-
mation on which to make diagnostic decisions and treatment
planning. Additionally, the information can be used to
determine ethicacy of ongoing treatment. A graphical repre-
sentation of a given frame may be graph, bar graph, the like,
or any other suitable technique for presenting data as will be
understood by those of skill in the art.

In accordance with embodiments, the functions described
herein may be implemented on a live stream of video or
recorded video. The functionality described herein may be
implemented on the live stream video and provide display
results to a user 1n real time. Live color analysis of the video
stream can enable a medical practitioner to have immediate
access to information that can drive patient care decisions.
Analysis ol pre-recorded patient examinations can give
medical practitioners access to analysis that was not previ-
ously available such as clinical peer review, treatment plan
review, peer reviewed research for developing new diagnos-
tic methodologies.

It 1s noted that the computing device implemented the
functionality described herein may be communicating with
any suitable computing device such as, but not limited to, a
smartphone, router, laptop computer, desktop computer, or
the like.

The present disclosure may be a system, a method, and/or
a computer program product. The computer program prod-
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uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present disclosure.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program 1instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program 1nstructions for carrying out
operations ol the present disclosure may be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
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readable program instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present disclosure.

Aspects of the present disclosure are described herein
with reference to flowchart illustrations and/or block dia-
grams ol methods, apparatus (systems), and computer pro-
gram products according to embodiments of the present
disclosure. It will be understood that each block of the
flowchart 1llustrations and/or block diagrams, and combina-
tions of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by computer readable pro-
gram 1nstructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the tlowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the tlow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures illustrate
the architecture, functionality, and operation ol possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present disclosure. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the




US 9,852,505 B2

13

practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:

1. A system comprising:

an mtubating scope and 1mage capture device configured

to capture a video of an interior of a subject’s throat
during swallowing of bolus;

a computing device including at least one processor and

memory configured to:

receive the captured video;

determine a color category of pixels in frames of the
video;

determine, for each color category, the number of
pixels having a color within the color category to
produce information indicating a measure of an
amount of tissue covered by bolus during the swal-
lowing of the bolus;

determine, for each color category, the number of
pixels having a color within the color category to
produce information indicating a measure of an
amount of tissue not covered by bolus during the
swallowing of the bolus; and

present, during the swallowing of the bolus, the infor-
mation indicating the measure of the amount of
tissue covered by bolus and the amount of tissue not
covered by bolus.

2. The system of claim 1, wherein the intubating scope 1s
inserted transnasally 1nto the interior of the subject’s throat.

3. The system of claim 1, wherein the video 1s captured
during pharyngeal phase swallowing.

4. The system of claim 1, wherein the bolus 1s colored
blue or green.

5. The system of claim 1, wherein the computing device
1s configured to:

determine a color category of each pixel in each frame of

the video:

determine, for each color category, the number of pixels

having a color within the color category; and

present information indicating a ratio of the color catego-

ries to each other.

6. The system of claim 5, wherein the color categories
comprise blue, green, and red.

7. The system of claim 6, wherein the computing device
1s configured to:

determine the number of pixels in the blue and green color

categories;

determine the number of pixels 1n the red color category;

and

present information mdicating a ratio of the numbers of

pixels 1 the blue and green color categories to the
number of pixels 1n the red color category.

8. The system of claim 1, wherein the computing device
comprises a display configured to display the video.

9. The system of claim 1, wherein the computing device
comprises a display configured to display information indi-
cating the measure of the amount of tissue covered by bolus.

10. The system of claim 1, wherein the computing device
1s configured to:

for each 1image, determine the number of pixels in the blue

and green color categories; and

for each 1mage, present information indicating a percent-

age ol pixels in the blue and green color categories.

11. The system of claim 1, wherein the computing device
1s configured to:
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for each 1image, determine the number of pixels 1n the red

color category; and

for each 1image, present information indicating a percent-

age of pixels 1n the red color category.

12. A method comprising:

recerving video one of an interior of a subject’s throat

during swallowing of bolus;

determiming a color category of pixels 1in frames of the

video;
determining, for each color category, the number of pixels
having a color within the color category to produce
information indicating a measure of an amount of tissue
covered by bolus during the swallowing of the bolus;

determining, for each color category, the number of pixels
having a color within the color category to produce
information indicating a measure of an amount of tissue
not covered by bolus during the swallowing of the
bolus; and

presenting, during the swallowing of the bolus, the infor-

mation indicating the measure of the amount of tissue
covered by bolus and the amount of tissue not covered
by bolus.

13. The method of claim 12, further comprising inserting
an intubating scope into the mnterior of the subject’s throat
for capture of the video via an 1image capture device.

14. The method of claim 12, further comprising capturing
the video during pharyngeal phase swallowing.

15. The method of claim 12, wherein the bolus 1s colored
blue or green.

16. The method of claim 12, further comprising:

determining a color category of each pixel in each frame

of the video;

determining, for each color category, the number of pixels

having a color within the color category; and
presenting information indicating a ratio of the color
categories to each other.

17. The method of claim 16, wherein the color categories
comprise blue, green, and red.

18. The method of claim 17, further comprising:

determiming the number of pixels in the blue and green

color categories;

determinming the number of pixels in the red color cat-

egory; and

presenting information indicating a ratio of the numbers

of pixels 1n the blue and green color categories to the
number of pixels in the red color category.

19. The method of claim 12, further comprising display-
ing the video.

20. The method of claim 12, further comprising display-
ing information indicating the measure of the amount of
tissue covered by bolus.

21. The method of claim 12, further comprising;

for each 1mage, determining the number of pixels 1n the

blue and green color categories; and

for each 1mage, presenting information indicating a per-

centage of pixels in the blue and green color categories.

22. The method of claim 12, further comprising:

for each 1mage, determining the number of pixels in the

red color category; and

for each 1mage, presenting information indicating a per-

centage of pixels 1n the red color category.

23. A computer program product for analyzing swallow-
ing, the computer program product comprising a computer
readable storage medium having program instructions
embodied therewith, the program instructions executable by
a computing device to cause the computing device to:
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receive, by the computing device, video of an interior of
a subject’s throat during swallowing of bolus;

determine, by the computing device, a color category of
pixels 1n frames of the video;

determine, by the computing device and for each color 5
category, the number of pixels having a color within the
color category to produce information indicating a
measure ol an amount of tissue covered by bolus during
the swallowing of the bolus;

determine, by the computing device and for each color 10
category, the number of pixels having a color within the
color category to produce information indicating a
measure of an amount of tissue not covered by bolus
during the swallowing of the bolus; and

present, by the computing device and during swallowing 15
of the bolus, the information indicating the measure of
the amount of tissue covered by bolus and the amount
of tissue not covered by bolus.
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